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ABSTRACT 
The main purpose presented in this paper is to present active and passive methods to fight a sponcom fire. The active 
method uses an inert gas generator called the GAG while the passive method is through the use of ventilation software. 
In most sponcom situations a combination of these two methods results in rapid extinguishing of the overheated areas. 
The presented software allows for accurate and "real time" analysis of the ventilation network. Application of the GAG 
has been proven on many occasions as an effective means of large volumes of mine atmosphere. 
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INTRODUCTION 
Any mine· suffering an incident of fire(s) presents a mul-
titude of potential problems such as: 
1. loss of life of miners, 
2. loss of equipment, 
3. significant loss of revenue, 
4. loss of natural resources, and 
5. difficulties in re-establishment of normal production 
due to damage to the mine infrastructure 
In extreme cases a combination of at least some of the 
above problems has led to the mine being abandoned at 
significant financial loss to the owner. 
Extensive data related to the phenomena of spon-
taneous combustion exists in various institutes, organiza-
tions, mining companies, etc. Significant research has 
been carried out with regard to ventilation systems being 
affected by the destabilizing effect of a fire source, its 
development, propagation, interaction with the mine 
gases, explosiveness, etc. 
Furthermore, many conference papers have been pre-
sented on the above topic, citing example after example, 
often describing tragic loss of life. 
Many mining companies hold records of the fmancial 
impact of a fire on the profitability to the mining c_ompany 
as an organisation and its effect on the future operations. 
However, very few, actual and realistic solutions are pro-
vided or even discussed. 
The North American coal mining industry has also 
suffered from the impacts of spontaneous combustion 
either in the form of an overheating or as an open fire. 
Many lucrative contracts have been lost as well as multi-
million dollar equipment. Jobs also were lost and valuable 
coal reseiVes have been permanently abandoned. 
The Polish mining industry has also suffered similar 
problems. Due to the geological conditions, properties of 
coal seams, depth, and very complex ventilation systems, 
Polish mine operators have experienced some of the worst 
sponcom incidents ever reported. 
The difficulty of the Polish mining conditions can be 
summarised as follows: 
• Coal prone to spontaneous combustion-often during 
a longwall move where mines suffer rapid overheat-
ing of coal in the immediate gob. 
• Incidents of spontaneous combustion in all 60 ·Polish 
underground mines takes place on an average once 
every 2 to 3 days. 
• Depth-the deepest seams are located almost 4,000 ft 
underground Mining operations are carried out at 6, 
7 or sometimes 8levels simultaneously. 
• In many cases more then 22 longwalls are simultane-
ously operated in a single mine (it must be borne in 
mind that in 1986 there were 861 operating longwalls 
in the Polish mines). 
• The thickness of the coal seams varies from approx. 
3 feet to 90 feet. 
• Mode of operation requires complex ventilation sys-
tems with up to 11 ventilation shafts in a single mine. 
·Furthermore Polish coal mines which operate more 
than 20 longwalls cannot afford to shut down just because 
there is a fire. 
It is worth mentioning that in the late 1980s Poland 
was the fourth largest coal producer in the world (after 
China, Soviet Union and USA). However, despite such 
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difficult conditions and high incident level of spontaneous 
combustions the loss of life attributed to this problem was 
quite low. 
So, one could and should ask the question~ how can 
the spontaneous combustion problem and associated ex-
plosion hazard be effectively and economically reduced or 
even eliminated. 
First, fire prevention can be split into two basic 
modes: 
• Passive-such as well developed emergency plans, 
application of seals, crew training, appropriate min-
ing practices and procedures, correct ventilation sys-
tem, application of the dynamic type ventilation soft-
ware. 
• Active- application of fire fighting methods and 
equipment. 
PASSIVE lvffiTHOD-VENTGRAPH PACKAGE 
Operation of a ventilation system in difficult mining con-
ditions requires not only knowledge and skills but also 
effective tools. 
One of the methods of gaining this information is the 
creation of a database by direct measurements of parame-
ters determining the state of ventilation process. Over a 
number of years the Mine Ventilation Laboratory of the 
Strata Mechanics Research Institute of the Polish Acad-
emy of Sciences, Cracow, in cooperation with other in-
stitutions such as the Central Mines Rescue Station, and 
mining companies, scientist and engineers have developed 
a new software called VENTGRAPH. 
This software is based on a mathematical description 
which combines all the parameters determining the venti-
lation process. Application of this method can be facili-
tated by using the equations which describe the motion of 
air and flue gases. 
By using the equations of motion, continuity, and 
energy, appropriate mathematical models can be devel-
oped which are combined with the physical parameters. 
Because of the very complicated nature of the ventilation 
process, especially in case of various disturbances, e.g., 
fire, gas explosion, roof falls, etc. and the influence of 
these irregular phenomena on the ventilation process, the 
mathematical model for each such case is quite compli-
cated. Furthermore, the level of complexity of these mod-
els depends on the characteristic of analyzed phenomena 
as well as on the methods of reaching the solutions. 
The ventilation process which occurs during an un-
der-ground fire and its suppression is extremely compli-
cated and almost unpredictable. 'This is because of the 
dynamic phenomena taking place in time and space dur-
ing a mine fire. However, the current level of theoretical 
and practical knowledge related to gas flow along the 
mine ventilation network make possible application of 
computer simulation in forecasting a version of fire-
fighting operations. The ventilation process taking place 
in a network of mine branches is determined by a series of 
mutually combined physical parameters. A significant 
feature is also the way each individual branch is con-
nected, i.e., the ventilation network. Good understan..<fing 
of mutual relations of the above mentioned parameters 
during air flow along the network of branches is important 
and necessary from a practical point of view. 
The VENTGRAPH software system consists of com-
puter programs for database generation and a program 
named POZAR (FIRE) for simulation of unstable motion 
of air and fire gases. 
Apart from the database, application of the method of 
numerical simulation requires a computer program which 
uses an appropriate mathematical model to analyze the 
specific phenomena. 
The mathematical model named POZAR.EXE used 
in the program takes into consideration the following phe-
nomena of particular interest: 
• changes of parameters describing air flow along 
each branch, i.e., flow rate, temperature distribu-
tion, concentration of oxygen and combustion 
products; 
• mixing processes which take place at network 
junctions~ 
• influence of flow describing parameters on an un-
steady propagation · of air through the ventilation 
network, in particular the effect of flow reversal, 
• description of the process of coal combustion in 
fire source (oxygen consumption)~ 
• unsteady heat exchange in frre source; 
• simulation of fire-fighting actions: stopping, appli-
ation of inert gases and their influence on the simu-
ated processes; 
• transportation of hot fire gases along the mine 
branches, exchange of heat with rock mass; 
• generation of inert gases. 
The system DOES NOT require constant calibration due 
to changes in the value of atmospheric pressure. 
In case of a complex network of airways, the mathe-
matical model consists of a large number of non-linear 
differential equations combined into a network structure 
using two Kirchhoff's laws. 
The computer simulation of mine ventilation process 
disturbed by the fire requires a set of equations in order to 
describe time and space. Furthermore, initial and boun-
dary conditions have to be determined, which must com-
ply with the conditions prevailing in the mine ventilation 
network just before the start of fire. 
The VENTGRAPH software used in the simulation, 
is based on the approximate method of solution of the 
assumed set of equations. Finite differential equations 
describing the iterative methods were used to calculate air 
quantity and pressure distribution with an arbitrary pre-
determined accuracy. This allows the computer program 
to be able to calculate the sequences of values of the pa-
rameters describing the entire ventilation process within 
the asswned initial and boundary conditions. 
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Sub programs have been developed in order to pres-
ent the results of simulation in fonn of a sequence of 
screen images representing the state of the process of the 
mine ventilation network. The values of certain individual 
parameters are presented by numerical values in attached 
boxes (flow rate, pressure, etc.) while the other ones are 
represented by color scales (smoke, gas concentration, 
temperature, etc.). 
The developed simulation method enables interaction 
with the program making possible changes of conditions 
or introduction of new elements into the network at any 
time during the simulation (e.g. , setting up stoppings 
and/or opening/closing doors). 
A network comprising of 1000 branches, 450 junc-
tions, 10 fans, 400 stopping dams/doors, 10 sources of 
gas, 30 monitoring stations has been analyzed· by the 
VENTGRAPH simulation program. More than 30 of these 
programs have been acquired by mines, the Central Min-
ing Rescue Station and Universities for simulation, 
teaching and training purposes. 
An example application of computer-aided simulation 
to investigate an underground fire as well as the effect of 
inert gases generated by the GAG-3A device on the fire-
fighting process is presented below. 
ACTIVE METHOD 
Application of inert gases in underground frrefighting has 
become more and more popular. During an underground 
fire, this method requires large volume of inert gases 
pumped to the fire source. As a rule nitrogen or carbon 
dioxide is used as an inert gas generated by different types 
of equipment. 
For large sized mines, in the USA, Australia, and 
South Africa, the best results would be obtained from a 
device generating large amounts of inert gases (ca. 15-20 
m3/sec. or 530-706 retsec.). For example, a turbo jet en-
gine, can be adapted for operation in an underground 
mine. 
Mine air, containing approx. 21% of oxygen, is 
burned in the GAG in the following manner: 
a. First, oxygen in the air entering the engine is. com-
busted in the turbine reducing its concentratton to 
approximately 17%. 
b. Second, part of the combustion process takes place 
in a specially designed afterburner where the oxygen 
level is fi.1rther reduced to approximately 2 to 4%. 
c. Hot gases (approx. 670°C) are then for~e~ ~o the 
diffusive cooler where cooling water 1s mJected 
through 12 spray nozzles at the rate of about 500 
1/min. 
d. The mixture of exhaust gases and steam is dis-
charged into the frre/sponcom zone at a rate of ap-
prox. 1,500 m3/min and at a temperature of around 
80°C. 
The AI jet fuel is consumed at an approximate rate of 
1,200 1/hour while total water consumption varies be-
tween 800 to 1,000 1/min. 
The hazard area is rapidly inertized and any further 
e"'-']>losion or fire hazard is eliminated. The GAG has been 
used extensively in underground environment because of 
its effectiveness and safety when it is located under-
ground. 
It must be noted that over the years, the Central 
Mines Rescue Station in Poland developed stringent and 
effective safety procedures which enabled GAG to be 
used over a period of 20 years without one single accident 
despite of the fact that it is often used in difficult envi-
ronments underground. Utilizing this technology, fires or 
sponcom can be rapidly and economically extinguished 
with minimum interruption to the production 
The device has been successfully applied in Poland, 
Russia, China, Czech Republic, and South Africa. The 
design, systematically improved by the Central Mining 
Institute (Poland), as well as the application technique 
developed by the Central Mines Rescue Station (Poland) 
made it possible to successfully use the GAG in South 
African Gold Mines. 
In April 1997. the GAG was extensively tested by 
SIMT ARS at he Collinsville mine in Queensland, Austra-
lia The objective of the experiment was to assess the 
GAG's capabilities of frre extinguishing in Australian 
mines (which are similar to U.S. mines). Figure 2 shows 
some of these test results. 
The GAG should be treated simply as an active ele-
ment of the ventilation network. For this discussion, the 
GAG is recognized as a source of gases of known chemi-
cal composition and flow rate. Therefore, it is extremely 
important to select a proper location of the GAG in the 
mine-in relation to the frre source as well as to the 
branches along which substantial volume of cooling water 
and engine fuel would have to be transported. 
The influen~ of inert gases generated by the GAG-
3A device on the fire could be discussed in two aspects: 
a. low oxygen content in gases limits the combustion 
process, and 
b. water molecules carried by flue gas flow reduces the 
temperature of the fire area. 
The efficiency of the device applied to a complex 
network of branches depends on several other actions un-
dertaken as a rule during the fire-fighting process, e.g., 
making stoppings/seals in branches, creation of a well 
defined fire zone as well as fan throttling. 
SUMMARY 
* Operation of the ventilation network can be effectively 
controlled using VENTGRAPH software. 
* Planning of safe personnel evacuation can be easily 
carried out using VENTGRAPH. 






































FIELD TRIALS AND DEMONSTRATION OF THE GAG-
3A INERT GAS GENERATOR 
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figure 1. Field trials and demonstration of the GA G-JA Inert Gas Generator. 
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* Fires and sponcoms can be either rapidly extinguished 
reduced by utilizing the GAG system. 
* Large volumes of mine atmosphere can be rapidly and 
economically inertised using the GAG system. 
* Explosion potential can be eliminated or significantly 
reduced. 
GAG - 3A Inert Gas Generator 
LEGEND 
1. Air FHter(1m x 1.2m) 
2. Engine (1.1m X 1.5m) 
3a. After-burner fuel~ chamber 
3b. Water-jacketed cooling tubes (2) 
4. Cooling chamber(1m x 2.3m) 




61. ButterflY valve 
8b. Fire dam door (shown open) 
7. Skids 
8. Control cOnsole 
9. Battery cart 
10. Fuel tank & pun., 
11.Rredam 
Figure 2. Digram showing the GAG-3A Inert Gas Generator. 
395 
